Gordon's syndrome is a rare condition characterized by hypertension and hyperkalemia despite normal renal glomerular function. We report the administration of an anaesthetic to one such patient for an urgent surgical procedure. The patient's serum potassium was only marginally raised at the outset of the procedure. During surgery the serum potassium rose significantly, but responded to conventional management.
Gordon's syndrome is a rare condition that presents with hypertension and hyperkalaemia despite otherwise normal glomerular function. It was first described in Australia in 1970 and by 1993 there had been reports on a further 69 patients in 10 different countries. There have however been no reports on the anaesthetic implications of this condition and we report one such case.
CASE REPORT
A 56-year-old male patient presented to the Emergency Department at 1820 h following a motorbike accident. He was haemodynamically stable with a blood pressure of 166/96 mmHg. He was found to have a compound fracture of the right elbow and humerus. There was no neurovascular injury of that arm. Radiologically the fracture was extensively comminuted and the orthopaedic surgeons requested an urgent operation for open reduction and fixation.
On history the patient reported that he had a kidney problem that was manifest as a raised serum potassium but denied that he had ever had haemodialysis. He also denied taking any medication. He reported that he had been treated by Professor Gordon but we were unaware of this specific condition and did not realize that the condition was named after his treating doctor. The hospital notes available to us showed that his serum potassium had been raised in the past, but there was no specific diagnosis recorded. We later discovered that his medical records were kept by Professor Gordon. Initial blood investigations showed the following-sodium 140 mmol/l, potassium 5.3 mmol/l, urea 5.7 mmol/l and creatinine 0.13 mmol/l. His full blood count and liver function tests were normal. The electrocardiogram was also normal. The hospital notes included results of periodic serum electrolyte tests in the past when his serum potassium ranged from 5.4-6.7 mmol/l. Physical examination of the patient did not show any of the other associated features of Gordon's syndrome such as short stature or intellectual impairment and there was no evidence of a significant crush injury to explain the hyperkalaemia.
As this situation was presented to us after-hours, we used the internet to access Harrisons Online (http://harrisons.accessmedicine.com). The appropriate chapter gave a differential diagnosis of hyperkalaemia in the context of normal renal function, and from this we had an indication that we might be dealing with Gordon's syndrome. There was nothing to indicate the potential anaesthetic implications. No further information was available to us and we thus decided to base our anaesthetic management on first principles.
The anaesthetic was commenced seven hours after presentation and lasted seven hours. In addition to routine monitoring, a nerve stimulator and direct arterial pressure measurement were used. Induction was with propofol 100 mg followed by rocuronium 60mg and a modified rapid sequence tracheal intubation. Anaesthesia was maintained using oxygen, air and sevoflurane. The patient was placed in the prone position with protection of the pressure points, and kept warm with a forced air warming device. The initial intravenous fluid used was 0.9% saline and the total volume of saline used was 5.6 litres. Surgery commenced with the use of an arterial tourniquet inflated to 250 mmHg to minimize blood loss. The tourniquet was inflated at the start of the procedure for a total duration of 2 hours 35 minutes. Two hours into the procedure an arterial blood gas was performed, as it was noted that there were electrocardiogram changes (peaking of the T waves). The serum potassium was found to be 6.5 mmol/l, and there was a base deficit of 6 (bicarbonate 19.4 mmol/l). These changes could not be explained on the basis of the length of the procedure or the tourniquet, as they occurred early and before the tourniquet was released.
Because of the electrocardiogram changes he was given sodium bicarbonate 8.4% and commenced on a glucose and insulin infusion with a ratio of 1 unit of Actrapid insulin to dextrose 2.5 grams at a rate of 10 units per hour (Actrapid, Novo Nordisk Pharmaceuticals Pty Ltd, Australia). The tourniquet was deflated 30 minutes after the first blood gas and a repeat arterial blood gas five minutes later demonstrated a serum potassium of 4.9 mmol/l and a persistent base deficit of 8. The electrocardiogram had returned to normal. Continued monitoring of the serum electrolytes showed that serum potassium remained less than 5 mmol/l but the base deficit persisted. The rocuronium was reversed at the end of the procedure despite the fact that the train-of-four stimulus on the nerve stimulator had returned to normal.
The diagnosis was confirmed the following day when Professor Gordon was contacted. He knew the patient and his family as the siblings were similarly afflicted. He reported to us that the patient had been recalcitrant and had defaulted from his treatment. Subsequent return to the operating theatre for further surgery was uncomplicated.
DISCUSSION
The conditions associated with chronic hyperkalaemia can usually be divided into two groups. Firstly those with a reversible reduction in glomerular filtration rate (GFR) because of volume depletion due to renal sodium depletion (e.g. Addison's disease) and secondly with a permanent reduction in GFR due to loss of functioning nephrons (chronic renal failure).
Gordon's syndrome represents a rare condition in which there is hyperkalaemia and hypertension in patients who have a normal GFR. The condition was first described in 1970 1 and since then it has been reported from most other continents. The hyperkalaemia can be severe, with serum potassium levels exceeding 7.0 mmol/l. This hyperkalaemia is invariably associated with an acidaemia and this may explain the growth failure, intellectual impairment and muscle weakness seen in some severely affected individuals 2 . Further characterization of the disease has demonstrated that it tends to occur in clusters and there are certain instances where there appears to be autosomal dominant inheritance. More detailed genetic work has elucidated the specific gene defects found in Gordon's syndrome 3 . The pathophysiology has been investigated and it appears that the problem is the inability of the kidney to excrete an excessive dietary sodium load 1 . The precise site of the defect in the nephron remains unclear. The treatment involves one of two approaches-dietary sodium restriction or thiazide diuretics. The latter rapidly reverses all the biochemical abnormalities associated with the syndrome. Should such a patient present for elective surgery, adequate control of the serum potassium with thiazide diuretics and salt restriction should be sufficient to prepare them for the procedure.
In the literature this syndrome is regarded as a separate entity from hyperkalaemic periodic paralysis (HPP), because the hyperkalaemia is chronic. There has been only one case report where there appeared to be an overlap between the two conditions 4 but in general the features are dissimilar and there is no reason why the descriptions for anaesthesia in patients with HPP 5,6 should be directly referable to Gordon's syndrome.
The first problem faced in this patient was whether any procedure to lower the serum potassium should be undertaken before embarking on anaesthesia and surgery. Invasive procedures such as peritoneal or haemodialysis were not an option due to the urgency of the surgery. The only reasonable alternative would have been a glucose and insulin infusion, but due to the chronicity of the elevation of the serum potassium it was thought that this may not be necessary. The use of potassium binding agents administered rectally was also considered, but whether these would have an effect in a short space of time was unknown.
The second problem involved the use of muscle relaxants. The patient required rapid sequence intubation of the trachea and the possible response to both depolarizing and non-depolarizing muscle relaxants was unknown. The caution related to the use of suxamethonium in hyperkalaemic patients is well known and has been extensively documented, mostly in the form of case reports. Recently however, there have been two articles that point to the safe usage of suxamethonium in cases of moderate hyperkalaemia 7, 8 . Of the possible alternatives to suxamethonium, rocuronium has been extensively researched and the Cochrane review of this topic concluded that although suxamethonium produced superior intubating conditions to rocuronium, the less stringent criteria for acceptable intubating conditions were identical between the two agents 9 .
The third problem faced was the use of the arterial tourniquet to facilitate the surgery. Due to the severity of the fracture and the extent of the operative manipulation required, the use of the tourniquet was mandatory. The original work done on this topic showed that there was a modest increase in the arterial plasma potassium and lactate concentration after tourniquet release. The increase is in the order of 0.28 mmol/l after release of a tourniquet that has been inflated for one to two hours. The peak increase occurs after three minutes and this is usually about 0.32 mmol/l. However in this patient the increase in serum potassium occurred gradually with progression of the procedure and did not appear to be related to the release of the tourniquet. The question was how to manage this increase, as it appeared to be associated with the ECG changes of hyperkalaemia.
One of the earlier case reports describing familial hyperpotassemia and hypertension accompanied by normal aldosterone levels 11 looked specifically at the response of the hyperkalaemia to an insulin and glucose infusion. The findings were that the expected decrease did not occur and the reason for this was not clear. However in another case report investigating two patients, the response of the serum potassium to a glucose and insulin infusion was normal 12 . In addition, this report described a decrease in urinary potassium clearance with a saline infusion. The first report of Gordon's syndrome 1 pointed to the fact that with an excessive dietary sodium load, potassium excretion was compromised and that this may be the cause of the hyperkalaemia. One of the important modalities of treatment remains dietary sodium re-striction. In this instance it is possible that the excessive sodium load with the infusion of saline 0.9% (sodium 150 mmol/l) could result in renal competition for the excretion of potassium and cause the hyperkalaemia that we observed in this patient. If this were to be the case, it is likely that an infusion with a combination of dextrose 3.0% and saline 0.3% may have been more appropriate. The exact pathogenesis of the syndrome remains unexplained, so a precise answer to this question and problem remains to be established.
In summary, we found that the response to a nondepolarizing muscle relaxant was normal, there was a progressive rise in the serum potassium during the procedure which may have been in response to the use of 0.9% saline, and the rise in serum potassium responded appropriately to an infusion of glucose and insulin.
